The pathogenesis of Hashimoto's thyroiditis includes autoimmunity involving thyroid antigens, autoantibodies, and possibly cytokines. It is unclear what role plays Hsp60, but our recent data indicate that it may contribute to pathogenesis as an autoantigen. Its role in the induction of cytokine production, pro-or anti-inflammatory, was not elucidated, except that we found that peripheral blood mononucleated cells (PBMC) from patients or from healthy controls did not respond with cytokine production upon stimulation by Hsp60 in vitro with patterns that would differentiate patients from controls with statistical significance. This "negative" outcome appeared when the data were pooled and analyzed with conventional statistical methods. We re-analyzed our data with non-conventional statistical methods based on data mining using the classification and regression tree learning algorithm and clustering methodology. The results indicate that by focusing on IFN-γ and IL-2 levels before and after Hsp60 stimulation of PBMC in each patient, it is possible to differentiate patients from controls. A major general conclusion is that when trying to identify disease markers such as levels of cytokines and Hsp60, reference to standards obtained from pooled data from many patients may be misleading. The chosen biomarker, e.g., production of IFN-γ and IL-2 by PBMC upon stimulation with Hsp60, must be assessed before and after stimulation and the results compared within each patient and analyzed with conventional and data mining statistical methods.
Introduction
In a recent paper, we showed that Hsp60 levels are increased in thyroid tissue and blood of Hashitomo's thyroiditis (HT) patients compared to healthy individuals (controls) (Marino Gammazza et al. 2014) . The levels of Hsp60 were measured by ELISA in blood and by immunohistochemistry and immunofluorescence in thyroid tissue (surgical specimens) and cells (fine needle aspiration samples from patients). We examined Hsp60 localization on subcellular compartments and found the chaperonin also on the surface of oncocytes.
These findings supported the notion that Hsp60 plays a role in the autoimmune manifestations of HT. To further assess the possible role of Hsp60 as a player in the autoimmune pathogenesis of HT, we evaluated (amino acid sequence and 3D structural comparisons by bioinformatics) the similarity between the chaperonin and two thyroidspecific molecules, thyroglobulin (TG), and thyroid peroxidase (TPO). We found that the Hsp60 molecule shares regions of similarity with TG and TPO. Subsequently, we confirmed by ELISA that there is crossreactivity between Hsp60 and both thyroid proteins.
We also assessed (by flow cytometer) levels of cytokines in conditioned medium of peripheral blood mononuclear cells (PBMC) isolated from HT patients and controls, stimulated by recombinant Hsp60. This test was done because: (a) it has been suggested that cytokines are also involved in the pathogenesis of thyroid disease via stimulation of the immune system and direct targeting thyroid follicular cells (Mikoś et al. 2014); and (b) it has been postulated that Hsp60 can stimulate cytokine release in some pathologic conditions (Tsan and Gao 2004) . We analyzed our PBMC stimulation results with a standard statistical method (hypothesis testing), and no differences in the levels of the cytokines assayed (IL-2, IL-4, IL-6, IL-10, TNF, and IFN-γ) were detected between PBMC controls (no in vitro stimulation with Hsp60) and stimulated with Hsp60, either from healthy controls or from HT patients. Hence, our data showed that Hsp60 did not stimulate cytokine production in PBMC from HT patients or normal subjects in ways that would allow a distinction between the two groups.
In view of the fact that there are contradictory reports on whether or not Hsp60 does stimulate cytokine production by different types of immune cells, we decided to re-examine our data utilizing non-conventional statistical methods, considering the possibility that conventional methods may miss key differences between groups. Furthermore, it is accepted that conventional hypothesis testing statistical methods do not provide a full description of the populations being compared and can fail to detect differences between them. Because of this, the application of non-conventional statistical methods to biological and medical samples is gaining acceptance in Biology and Medicine. Along these lines, we analyzed our data on cytokine secretion, using a nonparametric hypothesis testing, followed by another different approach named classification and regression tree learning algorithm. This is a data mining methodology, used in various scientific disciplines, including, lately, in the biological and medical fields (Richette et al. 2014; Wong et al. 2014) . By applying this nonconventional statistical strategy, we could find in our data information of interest, which had not been evidenced by the conventional approach used earlier [1] .
Methods and results
The results from HT and controls reported previously (Marino Gammazza et al. 2014) were assessed with the KolmogorovSmirnov and Lilliefors tests for normality. The outcome showed that the investigated parameters had to be considered "not normal". So, in order to find out possible differences between the two populations, the nonparametric MannWhitney U test was applied. The comparisons made were for all cytokines measured (see list above) between cytokines before, after, and between before and after the Hsp60 treatment. No parameter showed a statistically significant difference (p<.05). Hence, the cytokines evaluated started from similar values (no statistical difference), and, after the treatment, they reached similar values as well (Table 1) .
In view of these results and considering the need to clarify whether or not cytokines participate as pathogenic factors in HT, the main aim of the present study was to elucidate the effect of the Hsp60 on cytokine production in HT patients. For this purpose, a new parameter was defined and used in the calculations. This new parameter is the Delta value, i.e., the difference of each cytokine's level, before and after the treatment of PBMC with Hsp60 (e.g., for IL2, it is: Delta IL2=[IL2 level after the treatment]−[IL2 level before the treatment]). The comparison of HT and controls was carried out using the U test as before (Marino Gammazza et al. 2014) because of the outcome of the Kolmogorov-Smirnov and Lilliefors test for normality. Again, no parameter showed a statistically significant difference (Table 1) . These results fully agree with those previously reported (Marino Gammazza et al. 2014) .
To summarize our observations, thus far, standard statistic methodologies indicated that HT and controls started with similar cytokine levels, and when treated with Hsp60, it showed similar final values (no statistical differences). Likewise, focusing on the Delta values (i.e., after-minus-before treatment values, as explained earlier), no statistically significant differences were unveiled. The conclusion would then be, according to the results from standard statistical methods, Hsp60 acts in the same way on the two populations investigated, i.e., HT and controls, and no differences become apparent in cytokine levels between the two populations.
We then applied a nonparametric classifier called the standard classification and regression tree (SCRT), which from our experience in other situations, seemed to be appropriate for our sets of data. SCRT, together with similar methodologies known as ID3 and C4.5 algorithms, is a member of the family known as decision tree learning algorithm. They are part of the classical artificial intelligence and machine learning algorithms (Russell and Norvig 2009) . These algorithms are widely employed and are available in many analytic software products. The one we used here comes from the data analysis software STATISTICA (StatSoft, Inc., 2011; STATISTICA, data analysis software system, version 10. www.statsoft.com) and it is a comprehensive implementation of the methods described as CART® (Breiman et al. 1984) .
The goal of the algorithm is to create a mathematical model called decision tree that classifies the value of a target grouping variable and based on other input variables. It is a supervised training algorithm, so the construction of the tree is made on a database of class-labeled training tuples. The resulting tree is like a flowchart scheme starting from a topmost node, called root, Fig. 1 . The root denotes a test on an attribute, namely an input variable. According to the outcome of the test, a particular branch is chosen. The selected branch leads to a new node. This node, in turn, denotes a new test on an attribute and each of its daughter branches represents a possible outcome of the new test, and so on until a terminal node (a node with no branch) called leaf is met. A leaf is labeled with a target class; actually, each node is labeled with a target class but only a leaf-node class is fundamental for classification. So, starting from the root and answering to each node's questions, it is arrived at a leaf, which represents a class membership. Note that the attribute, the input variables, of each node of the tree are chosen by the learning algorithm itself, in an autonomous way, and only the ones considered necessary by the algorithm are chosen.
In our case, in order to study the possible effect of Hsp60, the different Delta values for cytokines are the input variables and the pathologic (HT) or non-pathologic (controls) populations are the two target classes. The decision tree learning algorithm constructs the classification tree based on our database. The classification tree is the classifier. Then, assuming a new subject, whose cytokines are known but whose pathologic status is not, starting from the root, answering to the tests regarding some cytokines values and following the correct branch accordingly, it arrives at a leaf that classifies the subject as pathologic or non-pathologic.
Since the cardinality of the database used in this study is low (n=20), we did not expect to build a definitive classifier but the idea was to use the resulting tree as a simple data mining technique in order to better understand the data under investigation and, eventually, disclose hidden differences or associations.
The outcome of the decision tree learning algorithm on the database is the classification tree, represented in Fig. 1 . The tree found is a classifiers' tool. It classifies pathologic and non-pathologic subjects according to their value of Delta IL2 and Delta IFN-y. The outcome tree suggests for the populations investigated that: (i) By using the distinctive cytokineresponse to Hsp60 treatment in HT and controls, it is possible to sort out the two populations, suggesting they differ in one or more biological-pathological properties; and (ii) Just knowing Delta IL2 and Delta IFN-y, it was possible to arrive at the classification indicated in (i) above.
This decision tree is build up starting from a low cardinality database (n=20), and it was not validated or verified with other sets of data. Therefore, it cannot be taken into account for a definitive application as a classifier. On the other hand, it can be seen as a useful clue to unveil the cytokine secretion response by PBMC to Hsp60 in the HT patients and healthy controls. In any case, it can be considered as a data mining tool, hence a possible source of information. The decision tree suggested us to consider Delta IL2 and IFN-y only: according to the tree, they are the main and sufficient biomarkers for classifying the pathologic population. So, we considered the two Delta values by looking at them in a scatterplot with the Delta-IFN-y in the X-axis and the Delta-IL2 in the Y-axis (Fig. 2) . The distribution pattern clearly indicates that the pathological subjects are clustered together in a defined area with albescence of overlapping with non-pathological subjects. In conclusion, the scatterplot shows that HT subjects have smaller Delta absolute values of IFN-y and IL2 than healthy subjects, with cutoff values to be defined. Fig. 2 The scatterplot. Scatterplot of Delta IFN-y (i.e., the difference between the IFN-y level after HSP60 treatment minus the level before the treatment) versus Delta IL2 (the difference between the IL2 level after Hsp60 treatment minus the level before the treatment). Red rhombuses represent HT subjects and green triangles represent controls. A blue rectangle frames the pathologic area in the scatterplot, namely, a cluster of HT subjects Fig. 1 The classification tree. Each rectangle is a node. In the upper left corner of each node indicated the identification number (ID) of the node. In the upper right corner, n indicates the number of elements (subjects) from the available database that were classified (or tested) at that node. The main label of a node, in the center of the rectangular box, identifies its class (HT, Hashimoto's thyroiditis; and CT, controls), while the class label of the leaves (node without daughters denotes the subject classification. The procedure starts from the root (ID=1), tests the cytokine labeled just under the root itself (Delta IL2), and follows the branch according to the answer specified on it. These steps are repeated until a leaf appears. The label of the leaf is the class of the subject being tested To display the cluster formally, e.g., a rectangle-shaped cluster, we first chose the middle points between the closer data belonging to the opposite classes (i.e., HT and controls), and second, we determined the lines touching them and that are parallel to the X and Y axes (Fig. 2) . In this way, the cluster depicted in Fig. 2 could be defined as follows:
−0:450 < Delta I FN-y < 0:305 and Delta IL2 < 0:445 In summary, the classification tree places the delta values of IFN-y and IL2 in a peculiar position. Then, drawing a scatterplot using the data suggested by the tree leads to an even clearer result: a cluster displayed in an easy-to-visualize graph showing that the two populations, HT and controls, differ from one another and are amenable to a distinctive classification.
Discussion and conclusions
The central aim of this pilot study was to determine the potential of non-conventional statistical methods for unveiling distinctive features that would identify Hashimoto's thyroiditis cases from individual not carrying the disease, according to the response of their PBMC to stimulation with Hsp60 in vitro. One added objective was to establish if the levels of cytokines in response to stimulation with Hsp60 can be considered good candidates as biomarkers for HT. We built a small database and performed a conventional statistical analysis but no significant results came out, confirming our previous observations (Marino Gammazza et al. 2014) . Then, we used another approach, applying a data mining method involving classical artificial intelligence and machine learning algorithms named classification tree. The final outcome, a classification tree, was not considered a definitive classification tool but an investigation method (a data mining technique, in its deepest meaning). The initial result indicated that the search should focus on just two cytokines, IFN-y and IL2.
A scatterplot of the results pertaining to these two cytokines showed clusterization of the pathologic population (HT patients). It also showed that the populations investigated could be classified considering their IFN-y and IL2 reaction to Hsp60. The pathologic population showed a reduced reaction to Hsp60 treatment, considered as absolute value. One can hypothesize that this effect could be due to the fact that leucocytes obtained from HT patients are too much stressed to react to Hsp60 stimulation in the same manner as the leukocytes isolated from control subjects. However, further investigations on larger populations are necessary to establish the multiple possible uses of the type of analysis presented in this report. Nonetheless, the results reported here demonstrate that a data mining method coming from classical artificial intelligence and machine learning algorithms named classification tree can be used with benefits when the routine, standard statistical analyses fall short of providing definitive answers.
